Beijing has an enormous transportation challenge: to relieve the extreme congestion that has arisen, largely due to overpopulation. To meet this challenge, the city administration has decided to extend its territory; a new city will be planned and built. This new city, Xiongan, will reduce the burden on the capital. A new high-speed railway (HSR) line is designed to transport millions of people every day within less than an hour. This study applies the potential of Geographical Information Systems (GIS) and multicriteria methods, Analytic Hierarchy Process (AHP) and Preference Ranking Organization Method for Enrichment Evaluations (PROMETHEE II), to determine the best alternative of transportation for the new high-speed railway line between Beijing and Xiongan, comparing different ones. The methodology consists of two stages. In the first stage remote sensing datasets such as ASTER DEM and LANDSAT images and GIS software such as ERDAS IMAGINE and ArcGIS have been used to determine settlement distribution, station location, elevation model, slope percentage, vegetation percentage, and route alignment for a new high-speed railway line for better understanding of its spatial distribution pattern over the study area. The second phase of the study focusing on assessing the various alternatives of transportation has been determined, and three approaches to choosing the best alternative have been introduced. In the paper we examine criteria associated with travel and economic criteria: travel time, the number of train stops, public satisfaction with transport, the number of seats per day, connectivity, operating costs, profit, and the payback period. Six alternatives of transportation have been studied. The stops in Guan and stations in the metro's rings have been investigated. In the second stage, the Analytic Hierarchy Process (AHP) and PROMETHEE II methods have been used to select the best alternative. The first approach uses only criteria related to the trip, as the criterion to choose the best alternative is the maximum of the net outranking flows by PROMETHEE II method; the second approach applies two independent criteria: the ratio of normalized operating costs and the normalized net outranking flows, and the ratio of the normalized payback period and the normalized net outranking flows; the third approach includes all defined criteria, and the criterion of choosing the best alternative is the maximum of net outranking flows as calculated by the PROMETHEE II method. The approaches have been analyzed with the purpose of comparing the results. The result indicates that it is expedient to have a station in Guan, which will increase the connection and connectivity among the cities while providing fast mobility options for a large number of inhabitants of Guan city. Furthermore, the result from Remote Sensing and GIS analysis demonstrates that the proposed high-speed railway line will be environmentally sustainable and is economically/socially feasible and that it will certainly attract current and future passengers because of their needs.
Introduction
The population of Beijing has increased rapidly, and further migration towards the capital city is increasing at an exponential rate. Due to urbanization, the city is facing challenges such as traffic congestion, rising real estate prices, environmental pollution, overpopulation, and dependency on private vehicles [1] . It feels impelled to address the instability generated by uncontrolled growth and to start planning to deal with the problems caused by the consequent overspill. Many studies characterize the current state of Beijing by words such as "urban disease" and "urban ill" 2 Mathematical Problems in Engineering [2, 3] . Urbanization in China is booming on an unprecedented scale, improving people's lives but also creating massive challenges for the country and people [4] . Development generated by urbanization in China is at its height; most of the new job opportunities occur in new urban areas [5] . The capital city stretches for 100 km wide; it has 18 subway lines and 13 more under construction and has 6 ring roads built around Tiananmen Square in piecemeal fashion following a pattern of concentric circles centered on Tiananmen Square [6] . The populations of Beijing, Tianjin, and Hebei are 22 million, 15.5 million, and 74.3 million, respectively, and their annual growth rates have reached 16 .2%, 14.4%, and 11.6%, respectively [7] . Therefore, there is a huge gap in the development of these three areas; Hebei needs to sustain almost four times the population of Tianjin and Beijing.
Beijing decided to extend its municipal administration to Hebei province on the border with Tongzhou to reduce the population burden on the capital [6] . The newly built area "Xiongan" will act as an auxiliary capital, providing population relief to the massive capital city [3] . In the initial phase, the administration decided to plan for 2 to 2.5 million people [8] . For Beijing, it is necessary to solve the problem of choosing a transport connection with the newly formed satellite city of Xiongan. The current project is located in Hebei; it is hoped thereby that it will close the developmental gap by providing job opportunities and a boost to the local economy. Xiongan is planned to be built between the present counties of Xiong, Rongcheng, and Anxin, from which it obtains the name "XiongAn". The newly developed area, also called "Jing-Jin-Ji", will connect Beijing, Tianjin, and Hebei and is designed to increase economic activity and close the gap in development between these three provinces. The key characteristic of the capital city is its strategic position as the center of politics, along with international exchange, culture, and technology and innovation; the noncapital functions will move to the newly built area [3] . The newly selected location is ideal for such a mega plan; as documented by the same white paper, the area is low in population density, has a low level of development and thus ample space for further development, and is highly suited to construction [9] .
In the early 20th century, sixteen cities throughout the world surpassed a million in population [10] ; after 1950 this rate increased until it reached 411 in 2010 [11] . Migration from rural to urban areas and population growth have increased all over the world. In 2050, 70% of the world population is expected to live in cities, which will cause a threefold increase in urban journeys [12] . Rapid expansion of motorization causes many problems such as congestion, noise, emissions, and safety risk and so carries an economic and social cost [13] . Naturally therefore smart mobility became a topic of huge interest for researchers, who competed in suggesting different measures to achieve smart sustainable cities [10, 14, 15] . Proposed transportation networks need to satisfy a variety of criteria: demand, technical feasibility, detailed quantitative evaluation, clear objectives and constraints, travel time, cost of travel, safety, reliability, accessibility, and the environment [16] .
Transportation planning is complex to achieve at the design and planning level. The rapid expansion of cites also tends to cause transportation networks to be spread around large areas, within which the long-distance regional rail network is formed [17] . Travel mode selection is based on high reliability, shorter travel time, higher operational efficiency, and the need for fewer transfers [18] . Cities are expanding rapidly, and noncapital functions tend to move to the suburbs, thereby causing an increase in the numbers of passengers [18] . Many studies have been done for the railway which consider different parameters as per the study outcome, such as [19] shortest travel time and passenger satisfaction [20, 21] . Timetable studies seek to reduce passenger waiting time [22] and passenger transfer [23] and to minimize travel time, energy consumption [24] , and precipitation time [25] . Recent studies mainly focus on the level of service level, selecting the shortest route possible, and traffic capacity [26] . Sustainable mobility is a smart tool to reduce congestion, pollutants caused by traffic, and emissions and to improve the quality of the environment [10, 14] . During the Reform and Opening Up, migration increased from rural to urban areas due to many factors, such as higher quality of life and employment opportunities [27] , and in search of affordable homes a major percentage of people also moved to nearby areas (Urban Sprawl) [28] . From 1980 till 2010, Chinese migration was only analyzed from rural to urban areas and from west to east [29] . More recently, after the implementation of the high-speed railway (HSR) network, migration is observed from the east to urban areas, now that people work in one city and live in another [30] .
The smart sustainable model for transport should reduce the demand for transport and dependency on the car, while designing urban space in such a way that it can be attractive and easily accessible by public transport [31, 32] . Each urban and transport model objective should increase connection and connectivity, urban quality of life, and transit-oriented development (TOD); be multimodal, effective, safe, and reliable; and have less adverse effect on the environment [33] . To change individual or overall transport travel behavior is a long-term complex process [10] . Sustainable urban mobility is likewise a long-term process, the achievement of which can be possible through strategies, initiatives, parameters, goals, and targets; increase the passenger attraction connected with modern mobility; and improve the technological innovation to increase effectiveness of overall system [14, 34] . Transportation bottlenecks are the major impediment to economic growth in Chinese megacities; to vitalize economic options, time-space shrinkages, and sustainable mobility options, HSR is the best solution for the country [35, 36] .
HSR is considered a modern 20th century transportation tool [37] ; many developed countries in the world have adopted HSR and are still investing in it [38, 39] . Attitudes to HSR in China are quite favorable, and the government is investing huge capital each year to build and extend the length of HSR lines [40] . High-speed railway was launched in early 2008 between Beijing and Tianjin; in 2009 another line came into service between Guangzhou and Wuhan [41] . In 2015, China became a world leader in HSR, with a total of 19,000km [42] . HSR is a hot topic for many researchers in China. Under consideration are issues such as social issues, railway scheduling, operational management [43] , efficient stop optimization [23, 43] , safety [44, 45] , passenger flow, HSR passengers behavior [46] , increasing connection and connectivity [16] , circuity analysis [47] , and capacity optimization [48] . HSR network has quite positive impacts on people's lives, travel behavior, and household mobility; promotes and encourages tourism and travel activities; and strengthens social interactions and employment opportunities [49] [50] [51] [52] [53] .
China is growing at a rapid pace; many areas have converted to high-rise buildings which have reduced the appeal of living in cities for many average-income people [54] . Previous studies provide evidence that HSR increases the option of living in better and more affordable cities as per individual choice, where people live in one city and work in another. Chinese cities where this has been shown to be the case include Guangzhou-Foshan, ShanghaiSuzhou, Shenzhen-Huizhou, and Beijing-Tianjin [55, 56] . HSR changes the migration patterns in China. For example, between Beijing and Tianjin, people work in Beijing but live in Tianjin because of the affordability of housing in Tianjin as compared to Beijing [54] . HSR has improved Chinese economic development, travel convenience, and opportunities for job creation as observed by local people [57] . It has also secured improvement in regional economies [58] and in local social structure and life [59, 60] .
Geographic Information Systems (GIS) and multicriteria analysis (MCA) are methods that can be used to study and analyze transport systems. GIS works as a modeler object, while MCA works as a decision object. By combining them, the optimum result for any project can be achieved [61] . In the present research GIS is used for searching the optimal route, short route analysis, and optimal path analysis, while AHP and PROMETHEE are used to determine the weights of criteria [62] . The combination of GIS and AHP is a strong planning tool; GIS helps to analyze different factors, while AHP is used to assign weight to these factors on the basis of their relative importance, which can be of great help to decision makers and planners [63] . The combination of GIS and AHP is widely used to achieve sustainability in transportation by measuring territorial impact, transport alternatives, accessibility improvements, environmental impacts, and landscape connectivity [64] to focus on alternatives and potential indicators needed for planning the high-speed railway line. Another study was carried out through GIS and AHP for land use allocation, land use planning, and land use proposal deliberation [65] . The combination of PROMETHEE and AHP is used by many studies on transportation to determine mode selection, route selection [66, 67] , average waiting time, and operational efficiency [68] . The combination of AHP and PROMETHEE has been used in past studies to determine route selection and mode of transportation and to evaluate different transportation related issues. The criterion for selecting the optimal transport alternative is introduced-the minimal value of the ratio between normalized operating costs and normalized PROMETHHE scores. Combinations of GIS, AHP, and PROMETHEE have been used to determine the mode of transportation, to evaluate transport projects, and to select route [67, 69] . To choose the optimal transport type with regard to safety, access, cost, capacity, speed, and reliability, AHP and PROMETHEE are applied in [67] . In addition [70] , transport planning was determined with the help of the multistakeholder, multiobjective, and AHP modeling to calculate minimum costs. The combination of PROMETHEE, AHP, and GIS has been applied for susceptibility landslide mapping [71] , improvement of healthcare waste management, centralized location selection for modern waste [72] , and the evaluation and selection of ecotourism sites [73] . PROMETHEE and AHP are used to select transportation infrastructure [74] and select the optimal alternative for an intercity train [68] . In [75] , AHP and the Multidimensional Cost Model are used to find the optimal road transport path for the purpose of reducing the traffic congestion. In [76] AHP and GIS are applied to determine the accessibility patterns of new housing development, to make cost-benefit analyses with regard to residents' access to facilities.
It may be concluded that the application of the GIS and multicriteria methods such as AHP and PROMETHEE can serve as a basis for creating a model for passenger transportation for the new railway line. The number of stations on the line depends on many factors, such as travel time, number of passengers, frequency of services, and investment. When selecting the best transport alternative, it is necessary to compare different alternatives and choose the best one by given criteria.
It can be summarized that the multicriteria methods are an appropriate tool to make decision and analyze complex problems due to their ability to assess different alternatives on various criteria for possible selection of the suitable alternative. When developing transport technology, it is necessary to take into account both the possibilities of the transport operators and the requirements of the passengers; i.e., it is necessary to assess different criteria. The main methodological steps for the selection of the suitable alternative from set of available alternatives by using multicriteria methods can be summarized as follows: defining the criteria, establishment of alternatives, appropriate data collection, selection of method to solve the problem, choosing the suitable alternatives.
The aim of the present study is to determine the best transportation alternative between compared ones for a new high-speed railway line between Beijing and Xiongan using GIS and multicriteria analysis. The combination of both methods permits assessment of many quantitative and qualitative indicators, at the same time also taking into account the design of the railway line. The paper is organized as follows. In Section 2 we present the research methodology in two stages: the first is the application of ArcGIS and ERDAS IMAGINE to determine the high railway line, and the second is a combination of AHP (shown in Appendix A) and PROMETHEE II (shown in Appendix B) method for choosing the best alternative of transportation. In Section 3, by applying our proposed approach to the Beijing to Xiongan high-speed railway line, the study demonstrates the effectiveness of this methodology by numerical results. Conclusions are given in Section 4. For reference, the appendix provides the basics of the AHP and PROMETHHE II methods.
Methodology
The methodology is based on application of GIS and multicriteria methods AHP and PROMETHEE II. The remote sensing of GIS software was used for better understanding and knowledge of its spatial distribution pattern over the study area. The model does not generate input data for the multicriteria model. The AHP method is applied to determine the weights of criteria, and PROMETHEE II technique is used for ranking the alternatives. The methodology includes three approaches to decision making: the first approach is based only on criteria connected to the trip into PROMETHEE II model; the second approach uses complex criteria for ranking; the third approach is based on all defined criteria which are applied to PROMETHEE II model. These approaches serve as a sensitivity analysis of results.
The methodology comprises two stages. In the first step, they were mosaicked to adequately represent the study area. The ERDAS IMAGINE high-end image processing software [77] and ArcGIS: rigorous GIS analysis software [78] were utilized to create classified output such as land use categories of settlement and vegetation. The ArcGIS software was used to create a systematic grid over the specified buffer area. Various themes such as settlement percentage (%), slope %, elevation, and vegetation % were calculated and produced in the form of various maps to understand the feasibility of new routes, using population data, road network, railway network, and recreational data. Such a GIS investigation systematically reveals that a new proposed line is significantly suitable relative to the environment/cost/socioeconomic aspect of the human settlement of the region. Furthermore, it will adequately help the present and future population and support their needs in a sustainable manner. Additionally, the various themes/layers produced here were not used as an input data for the multicriteria model.
Stage 2.
Stage 2 includes defining alternatives of the organization of trains on the new railway line, defining criteria for selecting the best alternative, ranking the alternatives, and choosing the best one. Stage 2 includes the following steps.
Step 1. Determining the alternatives: these alternatives for the transport plan of passenger trains are formed according to the number of stops at the stations.
Step 2. Determining the criteria of the alternatives assessment: in the study the following criteria are introduced: (i) C1: travel time (min) (this is an important factor for attracting passengers). (ii) C2: number of train stops (this is also a factor relevant to passenger satisfaction).
(iii) C3: transport satisfaction, trains/day (this represents the frequency of transport services).
(iv) C4: number of seats /day (this is important for attracting passengers for trips).
(v) C5: connectivity (this is important for the convenience of traveling and the total journey time from the starting point to the final destination). The values of this criterion are set by 0 or 1. C5=1 if the alternative has connection with metro, and C5=0 otherwise.
(vi) C6: operating costs, millions of US dollars (this factor is important for the carrier).
(vii) C7: profit, millions of US dollars/year (this factor is important for the carrier).
(viii) C8: payback period, years (this specifies the return on the investment).
These criteria are important to assess the transportation and the economic impact on alternatives. The criteria are defined by authors taking into account different conditions of transportation, due to the different numbers of stops in the route, and the need for investment for expansion or new construction of stations.
Within the study three approaches have been applied to determine the best alternative.
(1) First Approach. The optimal alternative is defined according to the impact of criteria connected to the trips (C1-C5). The weight given to each of the criteria is determined by AHP. These weights are fed into PROMETHEE to determine the best alternative by criterion maximum of net outranking flows.
(1) →
The research uses PROMETHEE II outranking method which is based on a preference function approach [79] . It is one among the 6 variations of PROMETHEE. PROMETHEE I is used for partial ranking of the alternatives, PROMETHEE II is for complete ranking, PROMETHEE III is applied for ranking based on interval, PROMETHEE IV is for complete or partial ranking of the alternatives with a continuous set of solutions, PROMETHEE V is for problems with segmentation constraints, and PROMETHEE VI provides the decision maker with additional information on his own personal view of his multicriteria problem. PROMETHEE methods have a simple mathematical approach and are user-friendly. The PROMETHEE II method is based on the pairwise comparison of alternatives along each defined criterion. It requires two additional types of information: weights of the criteria and a decision maker's preference functions, which were used for comparing the alternatives. PROMETHEE II is the most frequently applied version because it enables one to find a full-ranking of alternatives.
(2) Second Approach. The best alternative is chosen by taking into account both the impact of the costs presented by criteria C6-C8 and the complex effect of the benefits presented by criteria C1-C5. The criteria C6-C8 are not introduced into the PROMETHEE model. The impact is examined separately; the optimization is made by using a complex criterion.
In this study we have been using the following complex optimization criteria, which have been applied separately for all the alternatives investigated:
(a) Minimum value of ratio 1 of the normalized operating costs and the normalized scores corresponding to the PROMETHEE II priority [68] :
where are the normalized values of operating costs; is the normalized net outranking flow by PROMETHEE II method for alternative ; = 1, . . . , is the number of alternatives.
The normalized values of operating costs are
where is the operating costs for alternative , USD/year. These costs include the costs for movement of the trains (electricity), for stop-braking and accelerating of the trains, for maintenance and repair of the rolling stock, for salaries for all personnel, for personnel at the stations on the route, and for infrastructure charges.
The normalized values of net outranking flow by PROMETHEE II are determined according to [68] :
where is a positive integer that should make all net outranking flow (1) positive;
(1) ∈ [−1;1] is net outranking flow by PROMETHEE II for alternative . This criterion takes into account both criteria presented by the impact of the trips and economic criteria.
(b) Minimum value of ratio 2 of the normalized values of the payback period and the normalized scores corresponding to the PROMETHEE II priority.
In the study the building of the new railway line and stations is investigated. Therefore, it is important to include in the optimization criterion the factors that are relevant to the amount of investments, costs, and revenues.
The payback period is one of the simplest investment appraisal techniques. It presents the time at which the initial cash outflow of an investment is expected to be recovered from the cash inflows generated by the investment. The payback period is determined as follows:
where is the revenue of the trips, million USD/year; are the investment costs, million USD. The normalized values of the payback period are as follows.
The criterion of choosing the best alternative is the minimum value of ratio 2 of the normalized values of the payback period, and the normalized scores corresponding to the PROMETHEE II priority are determined as follows:
where are the normalized values of the payback period .
(3) Third Approach. The best alternative is defined according to the impact of all criteria (C1-C8). The weights of the criteria have been determined by AHP. These weights are fed into PROMETHEE II to determine the best alternative by criterion maximum of net outranking flows. 
The value of net outranking flows means PROMETHEE II score.
(4) Choosing the Best Alternative. All three approaches are considered when making the final decision. They are accepted as a tool for sensitivity analysis for suitable alternative.
The alternatives are ranked based on each of the criteria defined by formulas (1), (2), (7), and (8) . The ranking of the alternative given by each of the criteria corresponds to the scores under this alternative.
Results and Discussion
The numerical experiments of high-speed railway line between Beijing and Xiongan have been conducted to evaluate the proposed methodology.
First Stage.
In the first stage of the study, ArcGIS was used to analyze the two city spatial distribution patterns in detail. In stage 2, the stop for HSR can be located in Beijing and how many stops are really needed was determined. Through ArcGIS, the location for the station was selected on the basis of the availability of land next to the station, the possibility of future extension, the price of land, and subway connections. Furthermore, during the analysis the elevation model, settlement percentage, slope percentage, and vegetation model were determined for the proposed route, extending from Beijing to Guan and then Xiongan. On the basis of an analysis of the average circular distances between each ring road in Beijing, a buffer of 30 km was sketched in order to analyze possible passenger demand and attraction. The stations were considered on the basis of population buffer, such as 30 km in Beijing, but 5 km at Guan and 30 km at Xiongan. The distance between each of the six ring roads in Beijing varies: the average distance between the second and third ring road is 2.4km, between the 3rd and the 4th 2.7km, between the 4th and the 5th 4 km, and between the 5th and the 6th approximately 11 km. The city was designed accordingly, with development being based on ring road allocation. The 6th ring road is considered to be at the border of the city and has relatively less population. The distance 
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Average circular distance between ring roads 2nd to 3rd ring road: 2.4Km 3rd to 4th: 2.7Km 4th to 5th: 4Km 5th to 6th: 10.7Km from the 6th ring road to Xiongan is 80 km, and from the 6th ring road to the center of Beijing 125 km. In the middle there is a tiny town called Guan, which is 30 km from the 6th ring road and 51 km from Xiongan. The purpose of Figure 1 is to clearly indicate the overall idea about distances of each ring road from the center and the population density between each ring road. Figure 2 shows the overall settlement image along with population buffer (passenger attraction area) from Beijing to Guan to Xiongan. The HSR buffer of 5 km is used in the figure for route allocation, while along Beijing and Xiongan 30 km passenger buffer is used. The total traveling time (as analyzed by Baidu software) from Beijing to Baoding, the area near to that of the study, is around three and a half hours using the local intercity railway line. The current proposed line will follow the last station on the 6th ring road, follow the route which stops and Guan, and then proceed to the destination. The line as currently proposed will deliver passengers there in less than one hour.
The circle is the center of Guan city which shows that the spatial structure of settlement depicted in the form of percent is significantly high near the center. The study from GIS analysis verifies that the population settlement is quite dominated in this area which retains approximately 520,000 inhabitants; there are industries and educational institutions, with huge population density (as shown in Figure 2 ). The study suggests that if the new line passes through the area near Guan, which will serve a large number of inhabitants, it will increase the passenger attraction between Beijing and Xiongan.
The elevation map is designed around the proposed highspeed railway line, with Xiongan at low and Beijing at high elevation. The variation in elevation between the two is quite gradual and will significantly facilitate the construction of transportation infrastructure which will be a sustainable option for connecting the capital to Xiongan (as shown in Figure 3 ).
As shown in Figure 4 , the settlement is near the proposed buffer line; furthermore the line also takes into account future growth of passenger traffic, specifically in the new stations at Guan and Xiongan. The line will facilitate the day to day activities of huge numbers of people and secure the supply of food to newly built city. The general slope percent ( Figure 7 ) trend is moderate to low and therefore economically sustainable (a high slope percent requires more cutting operations) and will support the construction of transportation infrastructure such as rail lines, bridges, and tunnels as shown in Figure 5 . The vegetation in study area, as shown in Figure 6 , comprises mainly agricultural fields, vineyards, orchards, and pastureland. The spatial distribution pattern of vegetation percent also indicates that the construction of the new rail line will have little adverse effect on natural vegetation. The protection of nature through the protection of biological and landscape diversity is a key issue relative to rendering the project environmentally feasible, as indicated by Figure 5 .
Second Stage.
In this paper we examine the intermediate stops in three Beijing stations located in the metro rings and one in Guan. The stops in the metro rings would increase the connectivity and convenience of the trip. The study plans the extension of these stations so as to be able to serve high-speed trains. Guan is situated between Beijing and Xiongan. The (vi) Alternative 6: This service includes one stop in the most distant station in the metro ring.
The location of Guan railway station and also the distances and travel time between railway stations have been determined by using ArcGIS. The track of the railway line is made by using ArcGIS.
Calculations are based on the following conditions:
(i) The high-speed trains are composed of 8 wagons and carry 600 passengers in one direction.
Mathematical Problems in Engineering (ii) The investment costs for the new station building are taken to be 1900 million USD. Similar investment was made for stations in new high-speed railway lines elsewhere in China. According to the size of the station, the cost of stations varies, with small stations (3,000 sq. m station building) costing about RMB 40 million (5.7 million USD) to RMB 13 billion (1900 million USD) [80, 81] . (iii) The investment costs for the extension of stations have been accepted by experts. The value is 5% of the value of a new railway station building.
(iv) The costs for electricity to power the trains are 13 USD/km according to Chinese Railways. This data is similar to that for the Beijing to Guangzhou highspeed railway line for Engine Type CRH380A for a train with eight wagons [82] (v) The costs for braking and accelerating in intermediate stops are determined as 0.2% of costs of movement. This value was accepted according to [83] which documents the research of high-speed train energy consumption. Furthermore, regenerated energy from the trains is assumed to be consumed by other trains or for auxiliary purposes. For high-speed trains, the reduction in electricity can be used by employing regenerative braking.
(vi) The investment costs for the construction of a new railway high-speed line are the same for all six alternatives and therefore they are not considered.
(vii) In Chinese Railways there are no infrastructure charges. Therefore, operating costs do not include infrastructure charges.
(viii) The data on the salaries of railway personnel both on the trains and at the stations and the data for maintenance and repair of the rolling stock are derived from Chinese Railways. (ix) The average ticket price for class seats is calculated as an average of 13 USD. This is similar to the BeijingTianjin Intercity High-Speed Train which is of similar length and travel time [84] .
In the study we have experimented two scenarios according to the capacity utilized on the new high-speed railway line: The first value presents the number of pair trains for the alternatives that do not stop in Guan (alternatives 1, 3, and 6); the second value presents the number of pair trains for alternatives including stopping in Guan (alternatives 2, 4, and 5).
Both scenarios do not exceed the maximum capacity of the new high-speed railway line. The scenarios serve as sensitivity analysis of given results.
First Approach.
In the first approach, five criteria have been studied. The weights of each of these criteria have been determined using AHP. In this research, a group of experts gave an overall score on the scale of Saaty which is shown in Appendix A ( Table 13 ). The group of experts consists of nine railway specialists from China Railway Corporation and Ministry of Railways with many years of experience. They were asked by the authors to give a general assessment of the pairwise comparison of the criteria using the scale of Saaty. Table 1 presents the pairwise comparison of criteria using Saaty's scale (Appendix A) and received weights. The value of consistency ratio CR=0.09 shows that the assessment of these experts is adequate. The greatest impacts are the criteria travel time (35%), transport satisfaction (30%), and connectivity (20%). Table 2 shows the data used for the two scenarios. The values of criterion C1 are determined by using ArcGIS. The Figure 8 . These data are the inputs parameters for PROMETHEE II. The criterion of choosing the best alternative is the maximum net outranking flows. PROMETHEE II method uses six types of preference functions. The type of optimization of the criteria and preference function for this study are given it the last rows in Table 2 . Figure 9 presents the ranking of alternatives by first approach using Visual PROMEHEE software. The Visual PROMETHEE uses PROMETHEE II method to find the best solution. Figure 9 contains two parts. The first part presents the PROMETHEE II outranking flows; the second part shows the weight of each criterion. The research has been conducted separately for each scenario. The results are the same. It can be seen that the optimal alternative, in this case, is alternative 5 which involves stopping in Guan. Table 3 presents the values of PROMETHEE II score (net outranking flows) and the ranking of alternatives. Alternative 5 has the maximal value of net outranking flows and is the best for this approach. Table 4 shows the sensitivity analysis of the results given by Visual PROMETHEE software. Here we present the limits of changing the weights of the criteria while preserving the best solution. The "weight" column in Table 4 shows the weights obtained from AHP method. The "minimum" and "maximum weight" columns indicate the range of weights, such that the ranking of the alternatives remains unchanged. A larger weight stability interval indicates that it could have large effect on the ranking. It can be seen that the criteria C3 (transport satisfaction, trains/day) and C4 (number of seats/day) have large stability intervals.
Second Approach.
The best alternative is chosen by taking into account both the impact of the costs presented by criteria C6-C8 and the complex effect of the benefits presented by criteria C1-C5. The criteria C6-C8 are not introduced into the PROMETHEE II model. The impact of these criteria is examined separately; the choice of the best alternative is made by using a complex criterion. The parameters of both scenarios are given in Table 5 . In this approach, all defined criteria, C1-C8, have been taken into account. Tables 6 and 7 present the values of criteria for both scenarios. The values of the criteria were determined by formulas (2) and (7) . The values of net outranking flows are shown in Tables 6 and 7 . It can be seen that in both scenarios the best alternative by criterion r f1 -ratio of the normalized operating costs and the normalized net outranking flows-is alternative 5; the values of this criterion for alternatives 5 and 4 are close. Alternative 3 is optional by criterion r f2 -ratio of the normalized values of the payback period and the normalized net outranking flows. The last columns of Tables 6 and 7 present the ranking of alternatives for both scenarios. The real contribution of the second approach is the definition of two new complex criteria for choosing the best alternative. These criteria present the ratio of costs and benefits. The determination of the score of benefits is made by using multicriteria analysis: AHP method to evaluate the criteria and PROMETHEE II method for assessing and ranking the alternatives. In this case is used only criteria C1-C5. The other assessment is made according to the criteria presenting the costs. For this purpose two different criteria have been introduced: normalized operating costs and normalized payback period. The final ranking of alternatives is made by using complex criterion that considered both costs and benefits. Two complex criteria have been defined. The first considers the impact of operating costs, the second takes into account the impact of investment, revenue, and operating cost. These criteria serve the comparison of results.
Third Approach.
In this approach, all the criteria have been used.
The type of optimization of the criteria and preference function for this study are given in the last rows in Tables 8  and 9 . Table 10 presents the pairwise comparison of the criteria and received results of weights. The scores are given by the same group of nine experts. The value of consistency ratio CR=0.08 (Appendix A, Table 14 ) shows that the assessment of the experts is adequate. The greatest impacts are upon the criteria connectivity (19%), travel time (15%), profit (15%), transport satisfaction (16%), and payback period (14%).
The optimization criterion is the maximum of the PROMETHEE II score-maximum net outranking flows. Figures 10 and 11 show the results of optimization using Visual PROMETHEE software for both scenarios. In the first parts of the figures we show the PROMETHEE II net outranking flows; in the second parts we present the weights of criteria used.
In this approach, the best alternative for scenario 1 is alternative 5, for scenario 2, it is alternative 4. It can be seen that for scenario 2 the results for alternative 4 and alternative 5 are close. For both alternatives there is a stop in Guan. Table 11 shows the sensitivity analysis of the results given by Visual PROMETHEE software. Here we present the limits of changing the weights of the criteria while preserving the optimal solution for both scenarios. It can be seen that the criteria C1 (travel time) and C2 (number of train stops) have large stability intervals for which the ranking remains unchanged.
Choosing the Suitable Alternative.
In this research the defined approaches and scenarios serve to make sensitivity analysis in regard to choice of suitable alternative. Table 12 presents the ranking of the alternatives according to each approach and its scenarios. It contains the rank of each alternative and approach according to the defined criteria of choosing the best alternative. The results of ranking for the first approach are taken from Table 3 ; the results for the second approach, respectively, from Tables 7 and 8; and the  results for the third approach according to Tables 9 and 10 . Figure 12 presents a comparison of results.
The results show the following:
(i) Alternative 5 is the best one by the first approach and both scenarios, when applying only criteria connected to transportation C1-C5. The second position is for alternative 4. In this case, the economic criteria are not taken into account, which is the reason for the sustainability of the solution for both strategies.
(ii) The best alternative for the second approach is different for both criteria. The results show that alternative 5 is the best one by using the criterion 1 , the ratio between the normalized operating costs and the normalized net outranking flows corresponding to the PROMETHEE II priority. The best alternative by criterion 2 , the normalized values of the payback period and the normalized net outranking flows corresponding to the PROMETHEE II priority, is alternative 3. The difference in ranking is due to the parameters that are considered in both criteria. The second criterion besides the operating costs considers investment and revenues of transportation. This is the reason for the change in the ranking of alternatives. Alternative 3 has minimum investment costs and payback period for both scenarios.
(iii) The best alternative for the third approach when applying all criteria is alternative 5 for the first scenario; the best alternative for the second scenario is alternative 4. These alternatives differ in the number of stops, but both have a stop at the proposed new station Guan.
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It can be seen that alternative 5 is the best for scenario 1 for the three approaches. There is a difference in the results for the second scenario among the different approaches. In this case alternative 3 is the best when using the second approach and criterion 2 to select the best one. This is explained by the little needed investments for this alternative. Alternative 4 is the best one for the third approach. It can be concluded that with the increment of the number of trains in second scenario, the suitable alternative is changed. The application of the criterion ratio of the normalized values of the payback period and the normalized outranking flows given by PROMETHEE II as the tools of ranking alternatives leads to change in the suitable decision. The change in ranking indicates that additional alternatives could be explored, with combined services in terms of number of stops at intermediate stations; for example, some trains stopped in Guan, and others stopped in both HRS station and Guan; or some trains do not stop anywhere on the route, others stop in Guan, and others stop in both HRS station and Guan.
The first approach considered the effect of only the criteria related to transportation. It could be used for preliminary analyses when there is not information on operating costs and other economic criteria. The second approach takes into account both transportation and economic criteria. It uses two new criteria to assess the alternatives. This approach could be used when the decision maker wishes to make a decision through the cost-benefit ratio. The benefits are determined by transportation criteria by using multicriteria analysis. The costs are determined as operating costs or as a payback period. The third approach takes into account the impact of both transportation criteria and economic criteria in multicriteria model. It could be used to make decision about investigated alternatives.
Finally we can conclude that alternative 5 is defined in most of the investigated cases as the suitable one.
That is why we choose, as the suitable alternative for transportation, the variant where the trains have a stop in metro ring (Huangcun railway station) and also in Guan-alternative 5. This alternative provides an extension of Huangcun railway station and construction of a new railway station, Guan. The extension of Huangcun railway station for high-speed transport will contribute to the convenience of passengers to use the new service. The introduction of a new station will increase travel and help to expand the satellite cities of Beijing.
In further researches we would expand the scope of the alternatives studied. This study demonstrates the applicability of proposed methodology which uses multicriteria analysis as an appropriate tool for decision making.
Conclusion
This research focuses on multicriteria and GIS decision approaches to determine the best alternative. The results from Remote Sensing and GIS analysis show that the proposed high-speed railway line will be economically/socially feasible and that it will satisfy the needs of significant numbers of current and future passengers. The criteria to assess the alternatives of transportation have been determined. The alternatives have been defined according to the stops in the high-speed railway line. A new railway station, Guan, has been proposed. It was found that when taking into account only the criteria related to transportation C1-C5 in the first approach, the greatest impacts are the criteria travel time (35%), transport satisfaction (30%), and connectivity (20%). The greatest impacts are upon the criteria connectivity (19%), travel time (15%), profit (15%), transport satisfaction (16%), and payback period (14%) when taking into account all criteria in the third approach. Two scenarios of passenger transport satisfaction were examined. The methodology proposed in this paper examines three approaches to decision making. The first considers only the effect on the criteria related to trips which were included in the PROMETHEE II model. It was found that alternative 5 is the best one.
This alternative provides transportation between Beijing and Xiongan with intermediate stops in Guan and a third ring of the metro to meet the needs of passenger traffic. The effect of both criteria related to the trips and economic criteria have been studied in the second approach. Two criteria for choosing the best alternative have been proposed; one presents the ratio of normalized values of operating costs and normalized values of net outranking flows by PROMETHEE II method; the other presents the ratio of normalized values of payback period and normalized values of net outranking flows by PROMETHEE II method. The results show that alternative 5 is the suitable one by using the criterion of the ratio between the normalized operating costs and the normalized net outranking flows. The suitable alternative by the criterion of the normalized values of the payback period and the normalized net outranking flows is alternative 3. This alternative delivers direct transport without intermediate stops from Beijing to Xiongan. The third approach includes all investigated criteria into the PROMEHEE II model. The results for the two scenarios include stopping in Guan city (alternative 4 for scenario 2 and alternative 5 for scenario 1). The final decision is made by comparing the results of the three approaches. Finally we can conclude that alternative 5 is defined by the different approaches as the suitable one. This alternative presents a stop in metro ring (Huangcun railway station) and also in Guan-alternative 5. This alternative provides an extension of Huangcun railway station and construction of a new railway station, Guan. The result indicates that it is expedient to have a station in Guan, which will increase connection and connectivity among cities while providing fast mobility options to the large number of inhabitants of Guan. Our results point to the desirability of a strategy related to highspeed rail transportation between Beijing and Xiongan. This transportation will improve the mobility around and between these cities and the development of the cities themselves. The proposed methodology in this paper can be applied to make research for other conventional and high-speed rail. Further research should consider more criteria to establish a better and more highly refined model. The investigated problem could be expanded to explore mixed service on the new high-speed railway line.
Appendix

A. AHP Method for Determining the Weights of Criteria
This method uses pairwise comparisons between criteria by Saaty's scale [85] of nine levels as shown in Table 13 . The elements of evaluation matrix of the pairwise comparison of n criteria consist of (n, n) elements which have the following relationships: The relative weights are given by the normalized right eigenvector ( = { 1 , .., } ) associated with the largest eigenvalue ( max ) of the square matrix .
The largest eigenvalue ( max ) is calculated as follows.
The adequacy of an expert's assessment is determined by the consistency ratio:
where is the consistency index and is a random index. The random matrix is given by Saaty [86] . Its values are shown in Table 14 .
The consistency index is as follows.
B. PROMETHEE II Method for Ranking Alternatives
This method is based on a comparison of pair-by-pair possible decisions along each criterion. Possible decisions are evaluated according to different criteria, which have to be maximized or minimized. The use of the PROMETHEE II method requires two additional types of information for each criterion i: a weight w i and a preference function P i (a, b). Preference function P i (a, b) depends on a pairwise difference between the evaluations f i (a) and f i (b) of alternatives and for criterion i. The preference function characterizes the difference for a criterion between the evaluations obtained by two possible decisions into a preference degree ranging from 0 to 1. In order to facilitate the definition of these functions, six basic preference functions have been proposed: usual criterion; quasi criterion; criterion with linear preference; level criterion; criterion with linear preference and indifference area; and Gaussian criterion. The explanation and mathematical calculation steps of the PROMETHEE II method are summarized below [79, 87, 88] .
Step 1. The preference degree is computed for each pair of possible decisions and for each criterion, the value of e.
Step 2. For each pair of possible decisions, a global preference index (a, b) has to be calculated: where i = 1, . . . , n is the number of criteria.
Step 3. This step includes ranking of the possible decisions and inclusion of the computing of the outranking flows. where j=1,. . ., m is the number of alternatives.
Step 4. This step includes determination of net outranking flows which are used to establish a complete ranking between the possible decisions. The net outranking flow (a j ) of a j in the alternatives set m of a possible decision is computed as a difference between + (a j ) and − (a j ).
(a j ) = + (a j ) − − (a j ) (B.4)
For net outranking flow, the following conditions are valid. The highest value of the net outranking flow shows the best decision.
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